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The Barcelona Metropolitan Area is the most densely populated area of Catalonia (NE-

Spain) with more than 3M inhabitants. As a typical Mediterranean region, it suffers from water 

scarcity problems due to long drought periods.  The Llobregat River is the main source of water 

supply in this area. This river together with its aquifer has suffered from several damages during 

the last decades which had contributed to endanger a suitable ecological and hydrological 

status. Specifically, overexploitation of groundwater resources along with severe drought 

periods has caused the appearance of symptoms indicating the imbalance of this water 

balance. The river loses water and dries during the summer season, the vegetation of the basin 

disappears and salinization occurs in the area. Additionally, pollution is a serious problem to 

deal with due to the high contribution of several pollutants to the river basin and the low water 

level found all through the year. 

 

 
 



Figure 1: Llobregat River Basin 

 
 

 

Managed Aquifer Recharge (MAR) receives growing attention because it features 

advantages such as storage capacity, protection of coastal aquifer from saltwater intrusion and 

additional natural treatment when low quality water is recharged.  

Moreover, artificial recharge allows improving the quality of the recharged water (in this 

case the River one) during percolation through the soil by simple filtration processes. Along with 

the process of attenuation obtained with the infiltration, modifications can be made to the 

system to promote additional attenuation. An example is the use of organic substrates which 

promote the growth of bacteria that allow reducing the degradation of contaminants through 

mediation biochemical reactions. 

The presence of these contaminants in this river, specifically of organic pollutants, has 

been demonstrated in the last decades. Some of them are persistent to biological degradation 

and have shown to survive wastewater treatments almost unaltered and therefore they get 

surface waters where in some cases become recalcitrant pollutants. Moreover, most of these 

compounds exhibit acute and harmful effects on human and aquatic life. In order to mitigate the 

effect and presence of these compounds, Soil Aquifer Treatments (SAT) could be an approach 

since these treatments have demonstrated to be efficient to remove or decrease concentrations 

of such contaminants due to physico-chemical and biological processes occurring within the 

subsoil.  

In the framework of the LIFE-ENSAT project, an organic substrate layer was installed in 

the basin of a recharge system located in the upper Llobregat delta aquifer in order to enhance 

the degradation of these contaminants through biochemical reactions and to improve the water 

quality of the system. This layer was located into two ponds excavated without artificial water 

isolation connected through a pipe. The first pond is used as a decanter since from river intake, 

the water flows by gravity to the second pond, the infiltration one, where the organic layer is 

located. 



 

Figure 2: Recharge system 

 

 Water sampling was performed by using ten piezometers installed all through the two 

ponds. Some of them are ranurated in order to obtain water samples at different depths. Non-

saturated zone was also sampled by using suction cups at three different depths.  

Between July 2010 and December 2011, 210 samples were analyzed, distributed in 19 

surveys. Among them, 32 correspond to samples of surface water and 177 groundwater 

samples from saturated zone (144) and from non-saturated zone (33). Subsequently, in July-

August 2012, six surveys were performed, with a total of 39 samples analyzed, to evaluate the 

system behavior after one operational year. 

Samples collected allowed evaluating the efficiency of the organic layer to remove 

organic pollutants included in European directives (2000/60/EC-2008/105/EC), such as 

triazines, pesticides or polyaromatic hydrocarbons (PAHs). More than 80 compounds were 

analyzed; among them, 27 were priority pollutants while 6 were classified as preference 

substances (RD 60/2011). These compounds were analyzed by using a GC/MS/MS instrument 

(Agilent Technologies 7000series) with a previous enrichment step by means of solid phase 

extraction.  

Some triazines were found in several samples analyzed. Triazines are organic 

compounds consisting on polysubstituted aromatic heterocycles widely used as herbicides. 

Many of these compounds are regulated or even banned in some countries, such as atrazine in 

Europe, due to its recalcitrant presence in aquatic environments and their potential harmful 

effects to the health and the environment. In the samples analyzed, mainly simazine and 

terbuthylazine were found. Both compounds exhibit similar chemical structures.  

These compounds were found at the ng/L concentration level and their presence was 

detected throughout the studied system. They were present both in the infiltration water and in 

the aquifer probably because of their recalcitrant nature. The organic layer effect was not 

remarkable for these compounds. For example for simazine, similar concentration levels (9 



ng/L) were obtained in the saturated zone (after organic layer infiltration) than in both aquifer 

and infiltration water samples. 

 

 
Figure 3: Average simazine concentration levels (ng/L) 

 
There were also no remarkable differences in the concentrations of simazine 

concentrations between the studied piezometers. Constant concentrations were observed all 

through the system including the infiltration and aquifer water. 

 
 
 

 
 

Figure 4: Simazine piezometer concnetrations (ng/L) 

 
 

The low reactivity of these compounds with the reducing conditions of the organic layer 

can be explained by the high stability of the heterocyclic ring. 

 

For plaguicides, hexachlorocyclohexanes are those mainly found in the analyzed 

samples, specifically, γ-HCH (lindane) and β-HCH. 
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Organochlorine pesticides are compounds widely used to combat the development of 

certain living beings considered as pests. Their physicochemical properties make them very 

persistent to biological degradation and therefore they are very recalcitrant and exhibit toxic, 

teratogenic and mutagenic properties. In fact 9 of the 12 POPs listed in the Stockholm 

Convention are pesticides. Structurally they exhibit the presence of different number of aromatic 

rings or not, with a high degree of chlorination. 

Studies have determined the presence of Lindane mainly in the infiltration water at 

micro trace levels while in the aquifer water this compound was not found at concentrations 

higher than its LOQ (0.1 ng/L). Once infiltrated, a decrease in the concentrations from the 

saturated zone was observed. This decrease could be related to the dilution with aquifer water 

free of this contaminant and to a possible reducing effect of the organic layer. 

 

 

 
 Figure 5: Lindane concentrations (ng/L) 

 
 
 

The study of the concentrations obtained from each of the sampled points compared 

with the results obtained in the absence of organic layer allowed verifying the presence of both 

dilution and organic layer effects. In blank campaigns, performed without the substrate, a 

decrease in concentrations due to the dilution effect with aquifer water was observed due to a 

possible natural attenuation. In subsequent campaigns, the same dilution effect was observed 

together with a more remarkable decrease in the concentrations of this compound due to the 

effect of the reducing layer. Specifically, considering the mixture ratio calculated for the 

saturated zone sampling points (20-38%) and the average concentrations obtained for this 

compound in these points (0.15 ng/L) and in the infiltration water (0.58 ng/L), we can estimate 

that the contribution of the organic layer allows to obtain reductions around 65% for lindane. 

HCH structures may be particularly reactive by means of a reduction of the carbon-chlorine 

bond, thus demonstrating the efficiency of this layer to partially remove them. 
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Figure 6: Lindane concentrations in peiezometers (ng/L). 

 

 

Finally, PAHs are major pollutants consisting on fused aromatic rings without 

heteroatoms or substituents. Some of these compounds have been identified as mutagenic, 

carcinogenic and teratogenic. 

In this study most of the selected PAHs were identified at different concentrations in the 

ng/L level. Specifically, the 5 PAHS included in the Water Framework Directive and in various 

regulations have been detected in most of the sampled points and campaigns performed. These 

compounds are: benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h, 

i)perylene and indeno(1,2,3-cd)pyrene, which were found in both infiltration water (3.6 ng/L 

average) and at lower concentrations in the aquifer water (0.6 ng/L average). Despite these two 

contributions, the saturated zone concentrations decreased significantly (0.12 ng/L average). 

 

 

   
Figure 7: Mean concentrations of the 5 PAHs (ng/L). 
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In this case, this reduction can only be attributed to the effect of the organic layer since 

lower concentrations are obtained even from those found in the aquifer. However, this effect 

was also evaluated independently along the sampled points. 

 
Figure 8: Concentrations of benzo(a)pyrene in the piezometers (ng/L). 

 
 

It was observed that the decrease obtained in the campaigns performed with organic 

layer was much higher than that obtained from blank campaigns without substrate. The 

structures of these compounds suggested that the organic layer is efficient to reduce them to 

partially hydrogenated polycyclic compounds. The removal rates calculated for these 

compounds range from 65% to 95%. 

 

On the whole, results obtained showed that SAT together with managed aquifer 

recharge (MAR) can be effective approximations in order to improve the quality and healthiness 

of an stressed aquatic system as the Llobregat one.  
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